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NOTICE 
This repor t  w a s  prepared as an account of Government-sponsored work. 
Neither the United States,  nor  the National Aeronautics and Space A d m i n i -  
s t r a t i o n  (NASA), nor any p r s m  acting on behalf of NASA: 
a )  Makes any warranty o r  representation, expressed or implied, 
with respect t o  the accuracy, completeness, or usefulness of 
t he  information contained i n  t h i s  report ,  or that the use of 
any information, apparatus, method, o r  process disclosed in 
t h i s  repcsrt may not infringe privately-owned r igh ts ;  or 
b )  Assumes any l i a b i l i t i e s  with respect t o  the use of, or  far 
damages resu l t ing  from the use of any information, apparatus, 
method, or  process disclosed in t h i s  report .  
A s  used above, "person acting on behalf of NASAft includes any employee or  
c m t r a c t o r  of NASA, or employee of such contractor,  to the  extent that 
such employees or contractor of NASA ur employee of such contractor pre- 
pares, disseminates, or provides access to ,  any information pursuant t o  
h i s  employment of contract  with NASA, or  h i s  employment with such con- 
t r ac to r .  
Requests f o r  copies of t h i s  report  should be referred to:  
National Aeronautics and Space Administration 
Off i ce  of ScientFfic and Technical Information 
Washington 25, D. C. 
A t  t en t  ion : AF' SS-A 
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The work described herein i s  being performed by TRW Inc. 
under the  sponsorhip of t h e  National Aeronautics and Space 
Administration under Contract NAS 3-6ClO.  
study i s  t o  obtain fa t igue  l i f e  data on re f rac tory  metal a l loys  
f o r  use i n  designing space power systems. 
The purpose of t h i s  
The program i s  administered far TRW Inc. by E. A. Steigerwald, 
Program Manager. C. R. Honeycutt and J. C. Sawyer &re the  Principle 
Invest igators .  
system. 
T. F. Martin has aided i n  t h e  design of the  vibration 
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ABSTRACT 
Three of t he  four  vacuum fat igue t e s t  chambers have been 
The dr ive t r a i n  has been designed and 
in s t a l l ed  and are undergoing proof tests. 
be delivered i n  April. 
operated i n  a i r  at room temperature and i n  vacuum a t  2000°F. 
The transmission of the high frequency vibrat ion through the  
vacuum chamber w a l l  has been accomplished with no s iqn i f i can t  
problem by mounting a stepped h o r n  t o  a Curvac f lange a t  t h e  
nodal point. 
terminating horns, strains of approximately 2 x 10-3 in/in 
have been developed i n  the t e s t  specimns, however, f r a c t u r e s  
have been general ly  i n i t i a t e d  in very short  times in the 
mounting threads. 
studied t o  a l l e v i a t e  t h i s  problem 
The fou r th  uni t  w i l l  
Based on the measurement of def lec t ion  in the  
Variations i n  specimen design are being 
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INTFPDUCT 1‘3 
The purpose of t h i s  investigation i s  t o  generate fa t igue  
data  f o r  refractory all-oys a t  elevated temperatures i n  ul-tra- 
high-vacuum environments. The u l t i m a t e  objective f t he  pro- 
gram i s  t o  determine whether fatigue l i f e  of creepy”) i s  the 
l imit ing design parameter f o r  refractory mta l  a l loys  i n  t u r -  
bine applications. 
A t  present, very l i t t l e  data e x i s t  concerning the fa t igue  
propert ies  of refractory roetals and no design information i s  
avai lable  a t  high frequencies i n  ultra-high vacuum. 
su i t ab le  equipmnt and methods f o r  high-frequency fatigue 
t e s t i n g  i n  ultra-high vacuum at  elevated temperatures a r e  not 
available, the i n i t i a l  phase of the program deals with the 
development of tes t  equipment which can vibrate s p e c b n s  a t  
10 t o  20 kilocycles per seco d a t  1800 t o  2200’F in a vacuum 
of 1 x 10-p Torr (1.33 x lo2  Newtons/meter2).w I n  the second 
phase of the program, fa t igue  t e s t s  w i l l  be conducted on TZC 
and Cb132M alloys.  
Since 
This report  summarizes the progress i n  the t h i r d  quarter  
of t he  program toward the manufacture of four  ultra-high- 
vacuum environmental t e s t  chambers, and the procurement of 
associated t e s t  equipment, 
of t es t s  of the high frequency vibration system i s  described, 
I n  addition, t he  current status 
(*) Being studied on Contract NAS 3-2545 
( W )  Throughout the report  the Internat ional  System of Units w i l l  
be presented along with the %ore conventional ergineering uni ts  
- 1 -  
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VACUUM SYSTEM 
The laboratory area f o r  the  7acuum Fatigue Program was completed 
during t h i s  quarter.  
This area i s  air conditioned and i s  connected t o  the  same emergency 
e l e  c t r i c a l  -power and r e  c i r  c u l a  t ing c oo l ing  -water sys t e m s  t h a t  se rve 
the  near-by laboratory f o r  t he  Vacuum Creep Program (NAS 3-2545), 
A view of the laboratory i s  shown in Figure 1, 
I n s t a l l a t i o n  of the cent ra l  control  console, shown in Figure 2 ,  
w a s  a l s o  completed during t h i s  quarter, except f o r  the v ibra t ion  
dr ive  t r a i n  c i rcu i t s .  
s t a t ions  were in s t a l l ed  and tes ted .  I n  addition, a l l  e l e c t r i c a l  wiring 
between t h e  console and the  test  s ta t ions  was completed, 
Vacuum and temperature controls  f o r  the  t e s t  
Three of the  four  vacuum f a t i g u e  t e s t  chambers were received and 
instal-led during t h i s  quarter ,  Two units have successf uTly completed 
the contractually required 100-hour vacuum proof t e s t s  a t  2200°F 
(1204OC) with tantalum specimens. 
detectable  increase in the  oxygen content of the  t e s t  material, despi te  
the  f a c t  that the uni t s  were not baked o u t  after roughing and the 
pressures h i l e  heating t o  tes t  temperature reached 7 x 10-7 T o r r  
(9.3 x IO-? N/n?). The 100-hour period of t h e  t e s t  represents the time 
held a t  220OOF (1304OC). 
f rom about x 10-7 Torr (1.33 x 10-5 N/m2) t o  below 1 x Torr 
(1.33 x loJ  N/m2) i n  6-12 hours, and continued droFping t o  about 
5 X 10-9 Torr (6.67 x 10-7 N/m2) near the end of the 100-hour runs 
As shown in  Table I, there  w a s  no 
During t h i s  period the  pressure decreased 
Unit No. 3, which i s  capable of a t ta in ing  high vacuum conditions 
but  which has not  undergone proof tes t ing ,  i s  being used f o r  vibrat ion 
dr ive  t ra in  evaluation both i n  air a t  room temperature and in vacuum 
a t  2000OF (1993Oc9. 
The fou r th  vacuum fa t igue  chamber is  s t i l l  a t  t he  vendorPs plant 
This t e s t  wi1.l awaiting a qua l i f i ca t ion  of t he  temperature .gradient,  
be completed and t h e  uni t  delivered t o  TRW by mid-April. 
VIBRATIM SYSTEM 
The mechanical resonant dr ive t r a i n  is shown mounted on Unit No, 3 
The m a x i m u m  input power avai lable  from the high frequency i n  Figure 3. 
audio amplifier driving t h i s  unit is 200 watts, 
output has proved suff ic ient  t o  break l/brl  (6,35 I l.O-3m) diameter 
brass  specimens a t  room tenrperature. 
In  bench t e s t s  t he  
- 2  - 
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Table 1 
Oxygen Analyses of Tantalum Specimens from 100-Hour Proof Tests 
a t  2200'F (1204OC) i n  Vacuum 
Vacuum Fatigue Unit 
Unit No, 1 
Oxygen Analyses (a) 
(weight percent ) 
0.0016 
0 . 0019 
Unit No. 2 
Virgin Material 
0 . 0015 
0 . 0017 
0 . 0011 
0 . 0012 
0 , 0018 
0.0019 
0.0015 Avg. 
( a )  Analyses on t e s t  specimens were run in duplicate; f o u r  analyses 
were made on the virgin tantalum t o  es tab l i sh  i t s  oxygen content 
and the sens i t i v i ty  of the inert-gas fusion apparatus used f o r  
t h i s  comparison. 
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Figure 3. Vacuum Fat izue IJnit wi th  3osonant Drive Tra in  
Mounted i n  Place 
- 6 -  
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Tests with the drive t r a i n  have also shown that t h e  input power i s  
su f f i c i en t  t o  heat t,ype 30!4 s ta in less  steel  specimens t o  an equilibrium 
temperature of 16000~ (871°C) within a 20  minute period. This was 
considerably hot te r  than the  temperature produced in yellow brass,  and 
i s  presumably the resul t  of the much higher acoust ical  damping capacity 
and lower thermal conductivity of t h e  s t a i n l e s s  s t e e l ,  Even thnugh 
the specimen was vibrated without a s t a t i c  load f o r  2 hnurs, no f rac ture  
w a s  produced in  any of the  s t a in l e s s  steel- specimens tes ted .  
Tests  simi7ar t o  those described above have been performed a t  room 
temperature a t  atmospheric pressure and 7000°F (1093°C) i n  vacuum using 
TZM molybdenum al loy.  
ments of the resonant frequency of the  system a t  the elevated temperature 
showed that because of the  specimn design and thermal expansion of the  
load train, t h e  resonant frequency was l e s s  than the  desired operating 
frequency. 
made t o  correct  t h i s  d i f f i cu l ty .  
No f rac ture  was produced in t h i s  material. Measure- 
Revisions i n  specimen and load t r a i n  dimensions are being 
Up t o  t h i s  time a prototype amplifier capable of a 200 watt output 
Since the bas ic  design has proved t o  be satis- a t  20 KC has been used. 
factory,  a permanent, rack-mounted model was  designed and i t s  construction 
is  now v i r tua l ly  complete. 
2N1073A power t r a n s i s t o r s  operating i n  parallel-push-pull ,  feeding a 
tapped output transformer necessary f o r  matching the  c r y s t a l  transducer t o  
the  amplifier. 
two sources as desired.  
b u i l t  i n t o  the  chassis.  The other source i s  t h e  end of t h e  load t r a i n .  
For se1.f ex i t a t ion  t o  occur, in t h i s  case, the  vibrat ions picked up 
f r o m  the  end n f  the  specimen are amplified and properly phased before 
feeding i n t o  the  amplifier.  Figures b and 5 provide both block and 
schematic diagrams of the  system being used. 
Basically the  amplifier consis ts  of six 
The osc i l l a t ion  of  the  system is obtained f r o m  one of 
h e  source is a variable frequency o s c i l l a t o r  
A resonant frequency of l 9 , S O O  cps has been adopted a s  t h e  operating 
frequency f o r  t h e  resonant dr ive t r a in .  
calculat ions and the average resonant frequency of the  commercial.’l_y- 
avai lable  lead-zirconate-ti tanite (PZT) c r y s t a l  transducers. 
of t h e  high input e l e c t r i c a l  power ’level t o  the crystal., air-cooling 
i s  e s s e n t i a l  t o  avoid overheating. 
This was  determined f rom design 
Because 
The e l e c t r i c a l  contact t o  t he  c r y s t a l  was made by soldering copper 
wires t o  the s i l v e r  coating on both the OD and I D  n f  the  c rys ta l .  
connection w a s  made a t  the  ends of the  c rys t a l  with high s t rength lead- 
tin solder containing 2 w/o silver. Three separate wires were used f o r  
each connection t o  provide a redundant connection, 
The 
- 7 -  
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The top-port design which has been adooted f w  the drive train 
consis ts  of a titanium stepped-horn, TIG welded t o  a Curvac flange 
made of t i tanium (Figure 6). 
damping of the vibration passing through the port  and vacuum i n t e g r i t y  
has been maintained thus f a r  under tests l a s t i n g  f o r  apprnximate1.y 
30 hours. 
There appears t o  be no s ignif icant  
The specimn design which w i l l  be used i n  t h i s  program is shown 
i n  Figure 7. 
depend qn the damping, modul.us of e l a s t i c i t y ,  and density of each 
material. For yel.low brass,  which i s  a low damping material, the 
r a t i o  of the e f fec t ive  length of the specimen t o  the calculated wave- 
length of a cy l indr ica l  bar i s  0.33. 
steel  with a high-damping f a c t w  the r a t i o  i s  0.27 while f o r  TZM a r a t i o  of 
0.30 i s  sat isfactory.  
optimum effect ive r a t i o  f o r  Cb132M. 
The actual- dimensions f o r  specimens of various material 
Similari ly,  f o r  3dc s t a i n l e s s  
A t  present, work i s  underway t o  determine the  
Tests have shown t h a t  t h e  radius of the f i l l e t s  between t h e  
reduced and enlarged sections must be l/htt (6.35 x 10-3m) o r  grea te r  
i n  order t o  avoid f rac ture  i n  the radius. 
encountered with the TZM specimens f rac tur ing  i n  the mounting threads 
which Supposedly are located a t  a point of low stress, 
of the problem suggests that a s t r e s s  develops i n  the thread area be- 
cause of improper specimen dimensions which s h i f t s  the nodal point out 
of the gauge section o r  because the mounting studs are too  small. 
Some d i f f i c u l t y  has been 
A first  analysis  
Another problem area i s  t h e  resonant frequency s h i f t  of the system 
Experience has as the specimen and hot bars  a re  heated t o  temperature, 
shown that the  frequency s h i f t  can be followed e a s i l y  and resonance 
maintained because of t he  broad resonance of the c r y s t a l  transducer. 
A decrease i n  resonance frequency of 600 t o  800 cps has been obseyved 
as a resu l t  of heating from 70°F t o  2000°F (21°C t o  1093°C). If the  
system i s  t o  o p r a t e  a t  m a x i m u m  eff ic iency while hot, the resonant 
frequency should be l.9,5?1O cps. 
a t  room temperature wi7.1 be higher t o  allow f o r  8 decrease i n  resonant 
frequency during heating ar is ing frnm thermal expansion of the s p e c i k n  
and Yoad t r a i n  material. 
spcimen dimensions t o  allow a 19,500 Kcs resonance t o  be devel-oped a t  
2000OF. 
To achieve t h i s ,  t he  resonant frequency 
A t t e m p t s  are being made t n  determine the proper 
The Fotonic sensor which was adopted ear l ier  as the frequency and 
displacment measuring device, w i l l  be replaced by a capacit ive type 
sensor since the vendor was unable t o  guarantee a bakeable vacuum- 
t i g h t  s e a l  i n  the middle of the f iber-opt ic  bundle. 
pickup, Figure 8, based on a device frequently used in turbine tests 
a t  TRW has been designed and i s  current ly  being bu i l t .  
completed p a r t s  of t h i s  pickup indicate  t h a t  it w i l l  have a s e n s i t i v i t y  
of approximately 2 m i l s  per volt (5,08 x 10-5m/volt) which i s  approximately 
5 times grea te r  than t h e  s e n s i t i v i t y  of the Fotonic sensor. 
A capacit ive 
Bench tes ts  on 
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FIG. 6: TOP-PORT STRUCTURE FOR MOUNTING RESONANT 
DRIVE - TRAIN TO VACUUM FATIGUE UNITS. 
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For precise  determination of the  strain in the test  specimens, 
an opt ica l  cathetometer w i l T  be used t o  measure the broadening of 
f i n e  l i n e s  scribed on tge f i l l e t s . . ,  From these measurements the s t r a i n  
i n  the  center of the gauge length can be calculated. The cathetometer 
i s  on order and should be delivered by mid-May. 
MATERUT'S 
The del ivery of both the Cb132M and TZC a l loys  was or ig ina l ly  
scheduled f o r  ea r ly  Apri l ,  However, the  suppliers,  Fansteel  and 
General Elec t r ic ,  respectively have revised t h e i r  promised del ivery 
da tes  t o  mid May f o r  both the  Cb132M and TZC. 
t e s t s  are being conducted with small sect ions of Cb132M and TZM 
a l loys  avai lable  a t  TRW pending delivery of the  program material. 
Specimen design 
The four th  vacuum fa t igue  unit w i l l  be in s t a l l ed  and proof tests 
w i l l  be in i t i a t ed .  
Units No. l and 2. 
formed with Unit No. 3 w i l l  be completed, and proof and gradient t e s t s  
in  t h i s  unit w i l l  begin. 
pick-ups f o r  the  vibrat ion systems w i l l  be t e s t ed  and i n s t a l l e d  
ir;' the  control  console. "he balance of the titanium top-flange 
assemblies w i l l  be fabr icated and i n s t a l l e d  on the  units. Delivery 
of the test alloys w i l l  be expedited, and, where possible,  a l t e rna te  
material  w i l l  be used f o r  preliminary fa t igue  t e s t i n g  p r io r  t o  the 
ac tua l  del ivery of t h e  a l loys  now on order. 
Temperature gradient t e s t s  will be conducted on 
The vibration dr ive- t ra in  evaluation being per- 
The electronic  amplifiers and capacit ive 
91% 
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